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1. Inventor name position & tit le P 0 address and legal residence 

6. Result. of Test Over 100 sat isfacto t e s t s  h ve been conducted to dat.9- 
1.0 vacuum igni t ion tests were conduxqd and 13 1-negative G t e s t s  con- 

7. Applicotions and State of Developmont Being used i n  as generator ump- 
. 

ing s y s t e m  f o r  Vega. 
Zero-G s t a r t  requirement. 

C.B.S. #68, R.S. #1 and w i l l  be i n  R.S. #5. 

- To be used in  velocity confrol motor on fega 
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2. Title of Invention Ignition System f o r  Monopropellant Combustion Devices 

3. Brief Description and Novel invention r e l a t e s  to a simple, l i ghbwe igh t  and rel iable ,  
blow-down system f o r  i n i t i a t i n g  combustion i n  m. P. devices . T h i s  system consists of a 
pre-pressurized oxidizer cartridge and f i r e  valve mounted d i r ec t ly  on the injector.  The 
cartridge is charged by loading a predetermined amount of nitrogen tetroxide into the tube, 
capping and pressurizing through a check valve with high pressure nitrogen gas, thus trapping 
the gas i n  the loaded cartridge. Energizing the f i r i n g  valve opens both c i r cu i t s ,  allowing 
the f u e l  to enter fmm i ts  regulated source and the oxidizer cartridge to blowdown, inject ing 
the slug of oxidizer i n to  the chamber i n  the process. 'he propellants are  hypergolic, com- 
bustion is obtained and the decomposit2on of the monopropellant is sustained. 
system is adaptable to any combination of hypergolic propellants. 
mechanical moving pa r t s  such a s  pistons, etc. 

This igni t ion 
! h i s  system requires no 
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I G N I T I O N  SYSTEN FOR MONOPROPELLANT COMBUSTION DEVICES 

My invention r e l a t e s  t o  a simple, l ightweight and r e l i a b l e  blowdown system 

f o r  instantaneously i n i t i a t i n g  combustion i n  monopropellant decomposition devices. 

The invention disclosed herein comprises both a method and a means f o r  accomplish- 

ing t h e  desired results. 

oxidizer  car t r idge ,  a f i r i n g  valve and an i n j ec to r ,  a l l  of which a r e  mounted i n  

t h e  wal l  of the  decomposition chamber near t h e  place where t h e  monopropellant is 

in jec ted  i n t o  t h e  c a t a l y s t  bed. The ca r t r idge  is charged by loading a predeter- 

mined amount of nitrogen t e t rox ide  o r  o the r  such oxidizer  i n t o  t h e  tube, capping 

and pressur iz ing  through a check valve Kith high pressure nitrogen gas. Energizing 

the  f i r i n g  valves opens both the  f u e l  and oxidizer  c i r c u i t s ,  allowing fue l  t o  

en te r  frm i ts  regular  source and the oxidizer  t o  en te r  from t h e  i g n i t i o n  car t r idge,  

i n j e c t i n g  t h e  slug of oxidizer  i n t o  the catalyst chamber i n  the  process. 

propel lants  a r e  wpergol ic ,  combustion i s  obtained and the  decomposition of mono- 

propel lant  i s  sustained. This ign i t ion  system is adaptable t o  any combination of 

hypergolic propellants.  

Briefly, t h e  system cons is t s  of a prepressurized 

The 

The system requires  no mechanical moving par ts .  

I n  the pas t ,  s eve ra l  d i f f e ren t  methods f o r  i gn i t i ng  and sustaining t h e  

deconposition of monopropellants such as hydrazine has been s tudied by severa l  

d i f f e r e n t  groups, but t he  desired e f f ec t  of having an i n s t a n t  i g n i t i o n  of such 

gas generators has presented somewhat of a problem. Formerly, one of the more 

successful  methods f o r  i g n i t i o n  of the  c a t a l y s t  bed has been t o  heat t he  bed 

e l e c t r i c a l l y  which of course necessi ta ted a c e r t a i n  per iod of time before i g n i t i o n  

could be i n i t i a t e d .  

minute i n  some of t h e  b e t t e r  designs, t h e  time element involved s t i l l  presented a 

problem and fu r the r ,  t h e  necessi ty  of having power ava i lab le  a l s o  made t h e  system 

undesirable  f o r  f l i g h t  gear. 

Although this period was reduced t o  something less than a 
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I n  considering t h e  use  of my invention i n  space o r  in a vacuum, a sonie~hat  

d i f fe ren t  configuration i s  used in the blowdown mechanism. The u n i t  as used under 

ordinary g rav i t a t iona l  environment relies upon proper o r i en ta t ion  force of gravi ty  

t o  keep t h e  l i qu id  oxidizer  a t  the  e x i t  end of t h e  car t r idge.  

f i r i n g  valve allows t h e  ca r t r idge  t o  blow down, thus i n j e c t i n g  the  s l u g  of oxidizer  

i n t o  the  chamber i n  the  process. 

i s m  i s  t o  be used f o r  combustion devices out i n  space, such as verniers ,  ve loc i ty  

control  motors, and retrorockets ,  it is evident t h a t  a zero gravi ty  ign i t i on  capa- 

b i l i t y  f o r  such unit  w i l l  be a major requirement. 

i g n i t i o n  car t r idge  must be used. 

first, t o  provide a simple l ightweight instantaneous ign i t i on  system f o r  monopro- 

Energizing t h e  

But, on t h e  o ther  hand, if t h i a  s t a r t i n g  mechan- 

Thus, a zero gravi ty  blowdown 

Therefore, t h e  objec ts  of my invention are:  

p e l l a n t  combustion chambers which is free of a l l  moving mechanical p a r t s  as w e l l  

as any outside power source. A second objec t  of my invention is  t o  provide a 

bi-propellant i gn i t i on  system which provides instantaneous i g n i t i o n  of a c a t a l y s t  

bed under normal atmospheric conditions. 

provide a means f o r  instantaneously ign i t i ng  a monopropellant c a t a l y s t  bed under 

A t h i r d  object  of my invention is t o  

environments such as are expected out in space. 

A more de ta i led  explanation of my invention i s  provided in t h e  descr ip t ion  of 

t h e  f igu res  wherein Figure l i s  a schematic of a simple ve rn ie r  motor. 

Figure 2 i s  a p a r t i a l  cross sec t iona l  view of t h e  ca r t r idge  used for space 

ign i t i on ,  

A cy l ind r i ca l  t h r u s t  chamber 1 is provided on one end with an exhaust nozzle 

2 and on the  other  end with a dome 3. 

5. 
j e t  7 i s  interconnected t o  t h e  ign i t ion  car t r idge  8 by a fuel l i n e  9 through the  

The dome is  provided with two i n l e t s  4 and 

Atomizing spray j e t s  6 and 7 a r e  disposed i n  the  inlets 4 and 5. The spray 

f i r i n g  valve 10. 

valve 11 which i s  a conventional check valve and cap. 

The ca r t r idge  8 i s  a cy l ind r i ca l  member provided with a charging 

A selected amount of 
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oxid izer  1 2  covers t h e  exit  t o  the  firing valve. The recess 13 above the  l e v e l  of 

t h e  oxidizer i n  the car t r idge  contains high pressure gas, 

connects t o  the  monopropellant tank by a f u e l  l i n e  14 through the  f i r i n g  valve 15, 
The monopropellant tank 16 is pressurjzed ky R njt.roger! ~ n u r c r ?  17 thrncgh a 

pressure regulator 18. 

member 1 and i s  held i n  p lace  by screens 20 and 21. 

The spray j e t  6 i n t e r -  

A catalyst bed 19  is  disposed cen t r a l ly  i n  t h e  cy l ind r i ca l  

Reference is  noid d i r ec t ed  t o  Figure 2. A zero gravi ty  ign i t i on  ca r t r idge  

ccxriprises a gas r e se rvo i r  23, a gas charging valve 24, and a gas o u t l e t  25, covered 

by an aluminum bur s t  diaphragm 26. 

dowmtream s i d e  of t h e  bu r s t  diaphragm 26 serves as an oxid izer  reservoir.  

f i r i n g  valve 28 c loses  off the l i n e  27 frcm the  atomizing spray j e t  29,  

manifold pinch tube 30 interconnects t h e  a i r  gas r e se rvo i r  23 t o  t h e  oxidizer  

resc rvo i r  27 , 

A tube 27 connected t o  t h e  gas o u t l e t  on the  

A 

An i n t e r -  

This whole unit as shoim i n  Figure 2 would replace t h e  i g n i t i o n  ca r t r idge  

a s  shown i n  Figure Z when t h e  gas generator was t o  be used i n  zero gravi ty  environ- 

men t,s . 
OPERATION 

These gas generators  would be ign i ted  i n  exact ly  t h e  same manner general ly  by 

spraying oxidizer  from the  i g n i t i o n  car t r idge  i n t o  t h e  c a t a l y s t  bed along with the  

monopropellant, causing a l-ypergolic ac t ion  which i n s t a n t l y  i g n i t e s  t h e  c a t a l y s t  

bed and the  decomposition of the  monopropellant i s  sustained. 

conditions,  the  less e labora te  ign i t ion  ca r t r idge  shown in Figure 1 would normally 

be used. 

I n  g rav i t a t iona l  

I n  zero gravi ty  ign i t i on  conditions, t he  configuration shown i n  Figure 2 would 

I n  using t h i s  car t r idge ,  the  oxid izer  would be placed necessa r i ly  have t o  be used. 

i n  t h e  tube 27 with the  f i r i n g  valve 28 closed and t h e  ca r t r idge  would be charged 

with n i t rogen  through the  charging valve 24. The inter-manifold pinch tube 30 
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would asmire equalized pressure on both s i d w  of tihe aluminum burs t  diaphragrp 26. 

When the gas reservoi r  was charged t o  a des i rab le  pressure,  the pinch tube would 

be pinched off so t h a t  when the  f i r i n g  valve wag open re l fev ing  the  pressure on 

the  downstream s i d e  of the  burs t  diaphragm, t h e  high pressure i n  t h e  gas reservoi r  

would burst  t h e  bu r s t  diaphragm 26 forcing the  oxidizer  out  through the spray 

nozzle i n t o  t h e  ca t a lys t  chamber. 

gas generator t h a t  damage could easily be done t o  the  ca t a lys t  bed i f  the valve 

timing was not j u s t  r igh t ,  

t h a t  it is  evident t h a t  valve t i m i n g  is  not  c r i t i c a l  s ince  a range from 200 m i l l i -  

seconds oxidizer  lead  t o  200 milliseconds f u e l  lead  was covered without damage t o  

the  c a t a l y s t  bed. 

valve timing be engineered so as t o  have simultaneous o r  a small oxidizer  lead  i n  

t h e i r  openings. This i gn i t i on  system was t e s t e d  on a small  decomposition chamber 

Kith a nominal hydrozine flow r a t e  of 0.085 pounds per  second and a chamber pressure 

of 400 psia .  The u n i t  consisted of a 90' conical head i n j e c t o r  having a 40 gph, 

60 hollow cone, oxidizer  

j e t  impinging from the  s ide,  a 2.00 outs ide d i a m t e r  by .065 wall  by 8 inch long 

s t a i n l e s s  s teel  chamber and a nozzle p la te .  

u t i l i z i n g  a blowdown oxidizer  car t r idgo having a t o t a l  volume of 16 C C ~ S .  

It might be supposed i n  t h e  operation of this 

Several  tests have been made and it has been determined 

Dispi te  thes'e successful  f i r i n g s ,  it is  recommended t h a t  t he  

0 0 hollow cone, f u e l  j e t  mounted ax ia l ly  and a 3 gph, 60 

A t o t a l  of 40 t e s t s  were conducted 

The 

d w a t i o n  of t h e  transient bi-propellant operation was var ied by changing t h e  

quant i ty  of oxidizer  charged i n t o  t h e  ca r t r idge  and t h e  charging pressure. Tests 

were conducted t o  determine the  range of quant i ty  of oxidizer  required f o r  satis- 

f ac to ry  igni t ion.  

pressurized t o  600 psia.  Tests below t h i s  range were not conducted due t o  the  

d i f f i c u l t y  i n  loading such small amounts of oxidizer, whereas tests above t h i s  

range r e su l t ed  i n  damage t o  t h e  ca t a lys t  bed. 

t o  obta in  from 100 t o  200 millisecond oxidizer  lead. 

This range was determined t o  be from 2 t o  8 cc 's  of N204 

The valve timing should be such as 
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